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Abstract 
This paper presents a simulation study of a lane assignment approach for improving the operation of freeway weaving 
sections. By dividing the vehicles with different destinations into different lanes, this approach offers an effective way to 
-changing maneuvers and relieve impacts of congestion of the through traffic in freeway. 
Introduction of the preliminary configuration and principal components associated with the proposed lane assignments 
approach contribute to the core of this research. To evaluate the effectiveness of the proposed system, this study conducts 
sufficient simulation experiments based on a freeway simulator calibrated with real-world weaving section data. The results 
show that under heavily congested traffic conditions this system can perform better than traditional one considering the 
weaving section throughput, the average vehicle delay, queue length on freeway and on ramp, the interference with freeway, 
and the stability of weaving section. This paper also investigates factors related to critical traffic flow that may affect the 
performance of such a system. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction  
Performing weaving section activities in freeway segments is one of the principal contributors to congestion, 
and it may have a significant impact on traffic mobility as well as safety since the capacity reduction due to 
weaving behavior often causes drivers to perform mandatory lane-changing and merging maneuvers. 
Cassidy (1990); Cassidy, Wang, Chan, May (1993) on weaving areas have focused on the factors that impact 
the capacity of freeway weaving section, the models and algorithms that can be used to calculate and simulate the 
* Corresponding author: Wanjing Ma. Tel.: +86-021-69584674; fax: +86-021-69589475. 
E-mail address: mawanjing@tongji.edu.cn 
Available online at www.sciencedirect.com
 13 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
ction and pee -review under responsibility of Chinese Oversea  Transport tion As ocia ion (COTA).
529 NI Wei and M.A. Wanjing /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  528 – 537 
 
capacity of weaving section, and a series of approaches to improve the capacity. The influence factors of the 
capacity of freeway weaving section include the number of lanes in the weaving section, length of weaving 
section, proportion of heavy vehicles in the traffic stream, driver characteristics, lane widths, length of 
deceleration and acceleration lane, speed differential between freeway and ramp traffic, lateral obstructions, 
geometric configuration of a weaving section describes alignment of the merge and diverge gores and weaving 
ratio (Cassidy,1990; Cassidy, Wang, Chan, May, 1993). Rakha H. and Zhang Y. (2006) present a very simple 
analytical model for estimating the capacity of weaving sections, which model includes three independent input 
variables: the weaving section length, the weaving section volume ratio, furthermore, the study demonstrates that 
the HCM 2000 procedures tend to overestimate weaving section capacities significantly (errors in excess of 
100% in some instances). Simulation method is a very useful way for traffic operational analysis, the prevailing 
software are summarized below. VISSIM (2007) is a microscopic, stochastic, time stepping simulation software 
whose traffic flow simulation model including car-following and the lane changing logics. INTEGRATION is a 
microscopic traffic simulation and assignment model that can represent traffic dynamics in an integrated freeway 
and traffic signal network (Aerde, Baker and Stewart, 1995; Rakha and Zhang, 2003). And Van Aerde (1995) 
explained the weaving logic of the INTEGRATION simulation model and subsequently used the model to 
estimate capacity of weaving areas. To improve the capacity, transportation professionals have proposed a variety 
of control strategies including dynamic lane assignments, dynamic HOV designations, ramp metering actions, 
and miscellaneous control act
(Carlos, Jorge and Juan, 2001). 
To best manage the traffic approaching and traveling through the weaving section, this paper has proposed a 
kind of lane-based management strategies, which called lane assignments approach (LAA). It explores a new 
vehicle control strategy to regulate the vehicles passing the weaving section area by dividing the vehicles with 
different -
changing maneuvers and relieve impacts of congestion on through traffic of freeway in the weaving section area. 
The problem nature and requirements for applying the proposed lane assignment strategy are presented in the 
Simulation experiments for evaluating the effectiveness of the proposed system along with some tentative 
the last section. 
2. Lane Assignment Approach  
Lane-changing and Right-of-way confusion at the weaving section is widely recognized as the main causes to 
traffic delay, queues and accident, especially during the congested conditions. The traditional management 
system which just gives a sign to warn drivers that there is a weaving section ahead is not sufficient to ensure 
their safety during the weaving processes, especially at the presence of some aggressive drivers. Hence, to reduce 
the interference between the cars of different destinations and prevent such undesirable and unsafe weaving 
maneuvers, we propose a new concept of the LAA control system in this study. And to make a distinction with 
this new control system, the current control system which has no any control strategies is called CS in this paper. 
2.1. Concept of LAA 
The basic concept of the LAA is to use lane-based signals or variable signs to make drivers in different 
destination use different lanes to proceed through the weaving section as illustrated in Fig. 1. 
The proposed LAA is expected to achieve the following operational benefits: 
1. Increase traffic mobility by fully utilizing the open lane capacity and the lane-based signals. 
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2. Improve traffic safety by using traffic signs and physical isolation measures to prevent traffic conflicts often 
incurred to vehicles with different destination. 
 
Fig. 1. Concept of LAA at freeway weaving section 
Fig. 1 illustrates the principal components of the LAA. Traffic flows from upstream with different destination 
are segregated into different lanes by the yellow solid line. Lane-based control signal which can be used to define 
ever -weaving flows in 
the upstream of the weaving section, so as to eliminate the interference between them. 
2.2. System Configuration 
In this part, the basic elements of LAA are introduced. The principal components of the LAA control system 
which is consisted of: 
1. A base controller to integrate all system signs/signals and sensors and execute the control commands; 
2. A set of sensors for detecting volumes and speeds in each lane; 
3. A set of lane-based signals for guiding the driving direction of each lane in the weaving section area ahead 
for the approaching drivers; 
4. Dynamic message signs for alerting the approaching drivers and directing them to follow the instruction of 
the lane-based signal. 
3. Performance Evaluation Based On Simulation  
To ensure that the proposed LAA can function effectively, this study has developed a simulated system based 
investigate the sensitiv  
VISSIM 4.3, one of the most sophisticated micro-simulation software developed by Planung Transport 
Verkehr (PTV), is used as a tool to model the freeway weaving section control operations. 
3.1. System Configuration 
This simulation experiment is based on a freeway weaving section in the east-half of Chengdulu bridge of 
South-North freeway in Shanghai, China. It was modelled with VISSIM, in the current situation (CS), its 
upstream has 4 lanes and its downstream has 5 lanes, the entrance ramp has 3 lanes and the exit ramp has 2 lanes, 
and the number of lanes in the weaving section is 7. In the condition of LAA, the number of inner lanes which 
used by the vehicles of non-weaving flows is 3, and the weaving section has 4 lanes. The inner lanes and the 
weaving section are totally separated at the upstream that is far enough away from the weaving section. Fig. 2 
shows the real situation of our research object in this paper. 
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Fig. 2. Chengdulu bridge of South-North freeway in Shanghai, China 
3.2. Experimental Design 
-
simulation-based experiment is focused on comparing the performances of current situation and LAA in the 
volume range from 500 vehicles/h/lane to 2000 vehicles/h/lane, at an increment of 100 vehicles/h/lane. In all this 
tested scenarios, the percentage of heavy vehicles is set as 3.5%. 
This study also included sensitivity analyses to test the impacts of the weaving ratio which is the ratio of 
weaving flow volume in total flow volume on the effectiveness of the LAA system. Based on the heavy vehicle 
percentage of 3.5%, the tested weaving ratio was set to 5 groups which are illustrated in TABLE I. And it lists the 
combination of factors that were examined in the experiments. 
The performance evaluation for the two scenarios was based on the following two measurements of 
effectiveness (MOEs): (1) the hourly weaving section throughput (vehicles/h); (2) the average delay time per 
vehicle (s/vehicle). Each scenario was simulated for 4500 s, including an initialization period of 900 s. 
Table 1. Variables Tested in Simulation Experiment 
Test factor Value of test factors 
Approaching volume (vehicles/h/lane) Number of level Min  Max Increment 16 500 2000 100 
 




weaving flows Off-ramp flows On-ramp flows 
Ramp non-
weaving flows 
Group 1 15 5 10 5 
Group 2 16 4 8 7 
Group 3 17 3 6 9 
Group 4 18 2 4 11 
Group 5 19 1 2 13 
3.3. Development and Calibration of Simulation Models 
Simulation parameters which have been calibrated for the models are the upstream volumes, heavy vehicle 
percentage, two driving behavior parameters (Wiedemann 99 car-following model), the minimum headway 
distance for the lane-changing behavior, and the headway time that a driver wants to keep at a certain speed for 
the car-following behavior (VISSIM 4.3 User Manual). The model calibration was based on the field data 
collected in September of 2011 by the research team. 
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Table 2 presents the calibration results for the simulated freeway weaving section. The results indicate that the
Table 2. Comparison of Field Data with Simulated Results
Weaving Section Throughput
(vehicles/h)
Direction of Traffic Flow
Freeway non-




Field 4214 522 1394 506
Simulated 4258 541 1008 514
HGV
Field 158 18 40 16
Simulated 160 19 27 13
4. Analysis of Simulation Results
4.1. Performance Comparison between CS and LAA Control Strategies
The comparison between CS and LAA based on the two selected MOEs under varying traffic volumes is
shown in Fig. 3 and Fig. 4. And in this two Figure, the traffic volume range from 500 vehicles/h/lane to 2000
vehicles/h/lane, at an increment of 100 vehicles/h/lane.
As reflected in Fig. 3(a), the weaving section with the LAA always yields higher throughputs than the CS
since the separation measures of the LAA can reduce the interference between the freeway non-weaving flows
and the weaving flows. The result is also consistent with our expectation that the LAA can achieve significant 
benefits in terms of freeway throughput, especially under heavily congested traffic conditions. In Fig. 3(b), (c),
(d), the throughputs of CS and LAA which include off-ramp throughput, on-ramp throughput and ramp non-
weaving throughput are almost the same until the volume is 1100 vehicles/h/lane, and then the throughput of CS 
is higher than that of LAA.
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Fig. 3. Throughput comparison of CS and LAA
The main reason of this phenomenon is that the lanes to be used for weaving decrease so as to the traffic
capacity of the weaving section decrease.
   
Fig. 4. Avg. delay comparison of CS and LAA
In Fig. 4(a), (d), the average delay of LAA in the direction of freeway non-weaving and ramp non-weaving is
always lower than that of CS, and the former is about a half of the later under heavily congested traffic conditions.
As shown in Fig. 4(b), (c), the average delay of CS and LAA are almost the same until the volume is 1100
vehicles/h/lane, just like the throughput comparison in Fig. 3, and then the average delay of LAA is higher than
that of CS. The main reason of this result is that the lanes to be used for weaving decrease so as to the traffic
capacity of the weaving section decrease, which leads to the increase of delay of weaving flows.
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4.2. Sensitivity Analysis with Different Weaving Ratio
To explore the influence of different weaving ratio for each control strategy, this study has conducted the
simulation experiments under the different weaving ratio conditions listed in Table 1.
Fig. 5. Freeway-nonweaving throughput with various weaving ratio
In Fig. 6, we can find that the performance of CS and LAA is quite different. Under CS control strategy, the
throughputs are increase along with the increase of non-
conditions, while with LAA, the throughputs are also increase along with the increase of non-
ratio, however, they are approximately the same when it is under heavily congested traffic conditions.
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Fig. 6. Off-ramp throughput with various weaving ratio
Fig. 7. On-ramp throughput with various weaving ratio
In Fig. 6 and 7, the throughputs of weaving flow are sensitive with the weaving ratio. Under CS control
strategy, the throughputs are decrease along with the increase of non- under the LAA 
control, the graph of throughputs of both the off-ramp and on-ramp flows with different weaving ratio is a convex
curve, and all throughputs have the same value when the volume reaches 2000 vehicles/h/lane.
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Fig. 8. Ramp-nonweaving throughput with various weaving ratio
In Fig. 8, we can see when traffic volume is 500-700 vehicles/h/lane, the throughputs of both two control is
almost the same in same weaving ratio, however, when the volume is beyond 700 vehicles/h/lane, the throughput 
of the ramp non-weaving flows with LAA control is higher than that with CS control in same weaving ratio. And 
each of these two control strategies almost has the same throughputs when it is under heavily congested traffic
conditions.
5. Conclusions and Future Studies
This study has employed a well-calibrated simulation system to explore a new control strategy designed for 
freeway weaving section operations under different volume levels. In this paper, we proposed a new lane control
method for weaving section which is called LAA. In this control strategy, we use the signal based on each lane to
guide and separate the different kinds of traffic flows to the corresponding lane in the weaving section area.
Furthermore, we design and operate a simulation experiment with VISSIM to analysis and evaluate this new
LAA control and the traditional control (which is called CS in the paper). From the simulation, we find that the
LAA can increase the throughputs of both freeway and ramp nonweaving traffic flows, on the other side, it 
decrease the throughputs of both on-ramp and off-ramp weaving flows, and it can also decrease the average delay
of both freeway and ramp nonweaving traffic flows, however, it increase the average delay of both on-ramp and 
off-ramp weaving flows. The experimental results have also revealed the performance of LAA with various
weaving ratio.
Despite the promising properties of the proposed LAA control, the writers fully recognized that much remains
to be done to promote the implementation of such a new design. For instance, we shall explore and determine the
Applicable scope and the influence factor of LAA.
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